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> y w ±m t * m » -s x*i <t . 

B5ia4o*#*m±cc. ^*ffifsfm^ttt4£tts-r-5x 

1©^- Fvx*Jl£tt#-rsxiI£. 

1 0>r\- F"?* ^HXKf&WfcftSHSttffj&Sir 2 10 

mt&±<Dmizm i <z>»- kvx ^a* 7 i<x(cgi-rxis 

[it^2] mKD^-b'-fxzm&tfm-rzjLmit. 20 
#j2. 5-8. o<Dmnmzm-$-zi&mnmtmztfm 
-r-sxn^^tf. at^ii 1 iczmv-xm. 

-Y F. 7tA7 7^*Mi"J3>*-^>f F, i^ijn 

[it3R^4 ] m i ©^- fv^ zmmm-rzTmi*. 

#jl 0~2 0 0 nm©J¥3£WTS^l ©-^- Fv^> 
JS£tt^f &X*i£^tf. f»^?]B 1 tciass©^. 

3 ©^ - F i'H^-W^f ■5XS* 3 6tc$*. 

friam3©^- k-7^^@«. *^a©^cc^sti 
§t#Jl 1 KtatS©:^. 

i^-r-sxsi^^*. B?tBSS^'DB>rieigi©^-Fv 

I2tS©^ffi„ 

[ff^7 ] B9IBtHSSit^»i»rt©j§*J©^B*K^-r 
-&fc«)©^b^ta«5F^Xg5:Sf,«:^. faia^^^e 
gg^ftiftfc, itiFfaifll©^- F-7Xi7/lJCJ:-7-C. it 
m$©^BffM^if^:, ii?S©^BfM%ti^. fcic^x^ 

7^^>^ccj:s^a$o©«i!>A>6«a-rs, 50 




2001-351976 

2 

6Kiets©^. 

ti»j$B8] iwiamfcJ:a t fri2©^-F'?;*i'Ji£:tf 

m^*^T5 2o©®^^Sfcaf)<c. tf3&ft«£it 

^-©tt^in* tljt? t mnm 1 <cia*K©^?*. 

[IS*I19] Slffe*^«*4©a^!!iaXS©K. aula 

©#& 

^> ^(9±S*SW -5XS* $ 6 fc^if . lisias 1 tcia 

m^m 1 1 ] sim'ifrvmmmmt&nic. m&&*- 

•SSUl©^- Fv^i-i^fltt^Igi. 

fiqiaSfn ©;->- Fvx^iKc, I2(0a-Kvx*)B 

^♦■r-sxiii^ 

ii«iam2©^- F?X 47 JlJLfC. ^©^-F^X}-! 

?r#if-r^xgi. 

ma^- Fv^ J:0 , mila^ < :>'l'i'^S^«if4 ; &«'5 

H9ia^- -f r (c#mtt^#s-r 5 xii i , 
3a*j©Siria^wi4 * > 8?ia^ 3 *>- J: 2 ©>-> - f v 

•rsxiii. 

^1©^- Fvxi'B&BiTXflifc^tf. ^Fffi. 

[nmeni 3] strfe^*ssiHofa>'^i'i'Mm«*t»4 

t©ra(CJi ^ ^>^ihB^W.6Xli?:3 e»cc^. 
<f±S«rx^^>m*-T^Xgt. «&U7KOT 

«i4*^-rsBii«:. Mie^VT^efe^-r-sxni^ 
ts. m&m 1 2 (cte^©*a. 

y<f±B*^wsxn€:3P.K:^ > cntcio. f?ie 

1 2 «ciaii©^a. 

[it^ii 1 5 ] mm'i)i?i&m&mttm\*uc®&x- ? ? 

1 4Kie*K©}?i£. 

CW^Jl 1 6 ] Mfa^*^^tt*4FtycSi*x 7 ^> 

y^±8*^-5xg(i. uia^'Ji/^^mttt^*. r 

gUiXgpttc^TSXfiS:^.*. H?iaJ:gBtt. suiaT 



3 

x^RittR-raiWBXfiw:, iirie^-Kvx^jicDif 

fcSB3©^-Fv**R*S6(c«jt % RER3®"- 

[is*s2 2 1 msmm±m&w?mn{*tt&±<Dm 

*>$*DR«C, J^ttR3*^A*J:5«:bfc % R$B 
2 0 fcE«©4»IH¥*{*^<-f x e 

r, 

UiBfflRiKlRW 6 fifty W £ RRfttfH i % 

R«tm(DRR«(D79rR«c^k^6SaT SfcaMc. 
1MB; W * RRttttft <!: « «p| D R»*& Z tt« J: 
O^c^IOa- K^x^Rt % 
mffBJS 1 (D^- F^X *R±<D««*>6. BU IBS 1 <D* 
- Fvx^H^icx|(riB^;u^fiR«ft»»rt«:jgfl53 



(3) 4tH2 0 0 1 -3 5 1 97 6 

4 

«C«*E«ttR«±*R*.ft:, 

8. OOBWWfS, R^92 4(CKRO¥«»S 

5YF. 7«7 7X*»t^'J3>*-n^ F. 
3>^WF, J/';a>*-^-f F^-f h^-< F. W 
a>i;^r-F^^, S/»J3>«; F. x® 

10 »;^r-F^^^, fflt/P+f^'J^-, R»F-^ 
^li^r-F^^X, *RF-:7i/y$r- h#^X, 

*{t^»J4r-F#^^*«tf, tt*92 4<CEtt<D3£« 

[R*^2 7 ] MIB^^— Fv**Rtt, ftl 0-2 0 0 
nm<0»S*^rr*. R^92 4CClBiKD^amse. 

[R«312 8 ] *2©a- Fvx^Rft*. BWBWl©^ 
-F^^R±lc*t»S*i. ttRR2<D"- Fv**R 

20 rttCHolBH 1 (D'>- Fv^ *R£7kA«cgi*\ H#JH2 
4(ceR044K»lfi. 

[fS*JI2 9 ] »2*$J:CK»3©^- Kv^^I*. ItT 
ERlO^-F^^RifcttRSti. 191302*5^^ 
R3 4Xrt- F7**flt2 % fRSffiSSIftttRG^jfiCDR 

<cR£3ti> m^Ia^Y^p , i^f?^Iaml©>'^- f-^x^ 

RS/k^ecBlT. R9ftR2 8Cce«tCK>4maME. 
[R3»S3 0] tiKfB£«ttfltiSfi** NESfifr&RR 
RICE)"- Fvx*R±©««STR«R»»*fttlT 
BufB^- F^^Rrt^JcCXiJSB^^fiR 

2 8 CCiEtt©*a»#X«. 
[ARORMftKR] 
[0 00 1 ] 

i&womrzim&m *«r«. ^»w^^u/c 

[0 00 2] 

SW>3-tt^fti»R:, RMRSf^ (interlayer dielectri 

c; i ld) mi<om&mk*m{}>Zi*z<jm&&z>. 

so KfSft (CMP) *cJ:oT«Stt*l%*J5Sr*ft:a6<c 




C4) 

5 

{6RH3H LD^ffcStf*. 
[0 0 0 3] ^v^> - -fU-teXU* 8QR<D.rf 

» . zfU^Xte, Beyer (C^T?n/c*IM» 
4, 9 4 4, 8 3 6#HJ*ffl#{CfB4K$n, -e<Drt^«, 

• yo-feXli. Ch o wCC«ff Stifc*B«WF 
314. 7 8 9. 8 4 8^9HHI(cettSn. 

[0 0 0 4] ^7i/> - :/D-fe*(D(R % I LDiCCfiBf 

wp?r«->y$--F (osg) /N-Fvx^ifitta 

SBK<D:£ffitt\ 5/5 > (S i H 4 ) . y=fJt^>5> (C 
H 3 S i H 3 ) . b *)S?Jl>isv> ( (CH 3 ) 3 S i 
H) . t/dir^y^>7> ( (CH 3 ), Si) 

a O, 0 2 , CO, CO, , *fcttH, 0<DJ:5«cHfb 

st^wM**. A;^fiRi$ i l d 3 0 *mm-?z<D 

fc, F^^il LD t©IHC0««*ai«*W3:* 
fbT^CDCC, £>£t,>«. (Na noglas 

s (a&]5a) : Allied Si^ial .Santa Clara.CA) <DJ: 
Sfc^^aw (nanoporous) Wf4<D?Lrtfc: 
SSET & * 7 7 t ^ ^ * - ^> 3 -5 
<DtC+^r**. 30 
[0 005] 

[0006] *§m<Di&<Dmm*. &mmm 1 l 
s«tt»fi *?&ifrr & ifrffi & c t cc * s . 

[0 007] **9§©3 6(c«©B»tt % £W*»®§S1i 
^£ *W **2»fl^M -f X 5 C t K £> 6 . 40 

[0 00 8] *«WO*/c3 6CCfft©BW^J:af«l* 

[0009] 
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[0 0 10] JftlSKCtt. *l(D^-FvX^H4f*#-r 
£X«tt, &2. 5-8. 0, »»CCtt2i. 5-4. 5 

Igtt, 2/i;3>t-f F5-f F. ^>U^>^-^'^F. 
T^y^Ufc^^^-^VF, vyn>*7- 
^FN^-fF, mmtsV>r-b#7X. 
V****1M F. ZLBMfc^ya>. xF^^^^^JP 

>#«J^~. HBRF-^y^-F//^x. **F-:/ 
^y/r- F#^X, ewV-feX***lJ->;tf5X. Xfc> 

t>^7^ ( smi? vmtts*)*- btf^xzitm-r 

*Xg*S*T. 

[0 0 1 1 ] C©«*©#ffitt. «ttWtt*2©^- F 
XH*S6fc*#. S30A-Fvx^f« v aHMHI 
a»»IIgB, "~Fvx?j|rtfeJ:CA'<n'*Htt* 
WPhm 1 CO^- F^^^«±O««^<0*WR«g|J^ 

ccffli^n. ^ii/^ sikd^-f-vx 

[0 0 12] S 1 *Jj:^2©^- F vX^Mfff T 
[0013] »2©«8rtt, **Mtt, 



Xg<h. J|l3:foJ;tflJI2<D^- Fv^^l^Cii 

[0016] »4©»«r», tlS&RttHB 
[0017] 

HfficDH l-^H 2 0 HD#«»#W:. 
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[0 0 19] 31a- FvX^SWtifar^yvS/ 
>«3fi*«Afc2t«W©fll 1 <DHJW1*, 01-010 

(caw. s/"j3>*awta«i #sk 

Santa Clara, California© Applied Material sCtJ: 

2 0£^O±CCtf§3-e£ o x*^>yffjt»2 0<Dff 
f?S(C{J, WlO-lOOnm-C^O, 5 0nm 

[002 0] X5r^>^p>jhJB2 01*. 5/y=i>*-fF 

-Yi5=y^ (OSG) , >>'j3>'J F (S 

iRO), «1J/PW>#'J7-, 
fc te*fR F - y * - r # 9 X $ fc 5/ 

tt^^ft^y*- F#^x, skfe«x?^f»±tmr 

J:0fx»*>yf>ikB2 Oifcfc*. ftlOO-2000 
(^i/^fiii$iLD) 3 0^ffiiri^ o 

liaiS^ I LD3 0«, Midi and, MichiqanOD 

ow ChemicaltCcfcO^SiS^S i LKOTrjR^S tl. 

mi oonm©»afti3^-r^axf >*>#y 
>. «k y -f 5 f . flgvott^^-, ^'jry^ 

->y^- Ftf^xs^ttVjHzx >#y v- f 
I4T'£>£ 0 

[0021] fi^m^»*4^WT5^ 1 ©/>- 

Fv^^i4 0^ 'W*{BHflBP I LD 3 0±&Ctt« 
C<D*1©^-Fvx^ltt, tti0-200 
nmOJ? I L D 3 0 

^-F^«tt, A5 0nm<DW3(D9ttl$«BLo 

FT*S. Fvx^B(c»r*»2(Z>»ai3Q: 
*m (BLoKJ:»)«>iS^R«***-r4) tt. fi5 0 

V'n-h^^ (OSG)t^. CCr>l£MCC»-rS 

s icoHi^ci, E^f^-effit^ctm, 

f h7y^>^arF7i/a^t> (Si, C, O, 
H lt ) (TMCTS) WW^^^^Of r7 
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UV^V-ls (S i« C, O, H,«) (OMCTS) 

(DmiMc&fc^xmwtzmmte. ft*t)m<D±x<D7tm 
ztc f^ffi^x^wmmm (pecv 

d) ftx<Dm&<otc&fcim^m&xzz><itx& 

a«c»)Bsti. e^r, PEcvD^Dtx©R, mm 

PECVDfff(l t 2o(D^;* 4 "T^to^ RF 

tcm&hwx^nmztix^z. ztih^ffimz. m 

«ctt, TMCTST**. Ha|g«5Hte. 3 0-7 50 s 
ccmtifi^^ *f®CC(i x 100 — 5 00sccm 
"C*a. «»EE&tt % fil3. 3-6 66. 6Pa (1 
0 0-50 OOmTo r r ) T*D> JKUCCtt, ft6 
6. 6-3 99. 9 Pa (500-3 000raTor 
r) r**-. ttSj&gCS. #J2 5-4 5 0W*^ » 

jgcctt. ^jioo-4oom5o ffife^n^RFi 

»£. #j5-4 0 owr&£ e 

[0022]^, #J3 5nm<£>«S<DPE 

CVD—K{fcS/yn>*S^ fil 0-200nra©f 

ffigCtte. jftl 5 0 nm<Dm$(OPECVDis') ^>7" 
-f F^-f F«Mf, #U 0-2 0 OnraOSS^rW-r'S 

-FvX^140, 5 0, 60tt, PECVD^'j3> 
**-fF^-f P. VU3>*wWF, 7^7 7 X*f 
itis } )^>tr-J*J K. F^-f r^-Y 

P. osg, — Wfc^ynv, «^>o*-?>* w 

;Mjx*:*=Hf>:*r?x. xt*>t>^^ (SO 
G) . 7 9jRfbSft:«#7 sSlMtS'!/*- h//7^g 

[0023]#HO-200nm, JffiBMCtt, ^9 On 
mOff^0>J5«Se±tfiaH (ARC) 70*. ^-Fv 
^^lifcfflincim^ 5«C, ^2 0 0-1 
OOOnra, »ilecW:#j5 0 0 n mCDjl3<D:7 * r 
^M80^, tt#3ft. >^£-->^3ft, ©?2ft 

tftHH7o±ecR3^3ti, -e©&, il^O^Xvx? 

^>^. ^EHz*£JB(,>T. ^3(D^-K-7X^60tC 
$£¥3ft£ 0 ^Cc, ^2CC?7rr<J:5&C\ 7t hU^h 
H8 OteJ: ^SWHpJhtSWB 7 0 ft, * - x 



(6) #18 2 0 0 1 - 3 5 1 9 7 6 
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(i. ®3(DA-FvX^Itt, 0-5 00 s c cm (st 
andard cubic centimeters per minute) <Z)A r , 0 — 

5 0 0 s c cmCDCO. 1— 20sccmC 4 F, . 0 
— 20sccmCDO, cr>g^g3£, 0 — 2 0 00 WCDig 
m&mm&J:Z?0^2 0 0 0W<D^&mmx. #jl . 

3-133. 3Pa (#)10-1000mTorr)CD 
HE3jXR}l*X, Fremont, California© Lam researchCor 
^6model 4520XLTB5^£ tlX l>£ !7"5Xv • x * ^ 

tti^v^n^. h u^htt, i-ioo 

10 OsccmOifelOO, 0 — 2 0 0 0 WOfl^ifcte 
J:CXfiH«r, #Jl. 3-133. 3Pa (#J10-1 
OOOmTorr) Kt>xmi>X. Bfc*i*ft£ 0 313 <D 

O^- F^^i5 0#x^>^£ft&o>£^ciItR 
3ft, |Htf§CC\ 02CD;wp^X^#^ ^£->9 07E 

^Micfflt^ft^^^ Wis* h^^p-fex^Ccfcor 
20 cft6«. m<D^-F-***»*»*u *<om 

[0 0 2 4 ] S3CC^KTJ:5iC v 03CD^-FvX^H 

6 0rtCC^>@<ZW^-^9 0 ZmJ&lstc'i^ >*4T 

• y * VVVf^y 4\X mi 0 — 200nm, Jff 
iStc«»9 0 n m(D/13*WrS5«B5jt»SB 1 0 0 
#J2 0 0- 1 0 0 Onm, #jBfc:ttfi5 0 0 n m<0 

mz*mir*>y* Fu^mi i oi^«#^^xfi 

30 ^:^ 0 2 0^, h Ui^X h^l 0 OiC 

**m^x. 7 * b \sv>7. vm 1 1 om>-Y^-^£. 

JS*f P^±«MH 1 0 0 % MS, W2, f 1(Da-FvX 
^860, 5 0. 4 0%mx x A*;^figlf ILD3 
OtCfe^T^tt^^LTl^. JKBCCtt, ^7X7- 
X v 3*1/ #{£^ Santa Oara, Cal if orniaCO Applied Mat 
erials Corv.frt>M7Z$tlXi,*Z>7*"7 X~? -2-??+ • 
^f^I PST-?Tbft&„ 0 — 5 0 0 s c cmCDA r , 
40 0 — 20 s c cro<E>C« F 8 . 0 — 1 00 s c cm<DC 
z F, . 0 — 1 0 0 s c cm©CHF 3 . 0 - 1 0 0 s 
ccm©CF 4 , 0— 1 0 0 s c cm<D0 2 , 0—10 
OsccmCDN, . 0-100sccinOCO, 0—1 
OOsccm^CO, 0-1 0007^tClK^ 
tltcft&nm*3£U4 0 0-2 5007^ htC^S^ft 
tcft%$m,UX. 0— 1 4 0 0 V y F(CAV7X^tlT 4 
mo. 1-13. 3Pa (fil-lOOmTorr)O 

^F7X^14 0, 5 0, 6 0:fo\£D^l^®^ 

50 m^«f43o«, arcsftrr. x^^>^^ft^ 0 
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T£c*>fe, 0^500 sec m<DA r , 0 — 20scc 
m£>C« F 8 . 0 — 1 0 0 s c cmOC, F 6 , 0—1 
00sccm©CHF 3 . 0-100sccm©CF 
4 , 0 — 1 0 0 s c c m<DO, , 0 — 1 0 0 s c c m<D 
N, , O^lOOsccmOCO, 0 — 1 0 0 s c c m 

<oco 2 0-1 o 07 * htc^^n/crtspm^ 

0— 1 4 0 0 7 ? hfC/t-f T*3*lT. WO- 1*^1 
3. 3 Pa (#Jl — 1 OOmTo r r) CDjE^T^C^ 

10 

[0025] ^^-t>l 2 0*M-y->>9 0(C77^> 
<D^-K^**JBBO. 5 0. 4 0£*lrfc^3ft£J: 

3 l>*r X<D >f ^ - 3 ft &<D£F!±-r & . 

[OO26]05«, r U^Xhll 1 OCD^- 
^120^, LD3 0(Cfi^l-C, A 

-YT 1 2 5^^^mT^-To H^(C, 7thuy 
XhJil 1 0^<fc^*tRSih«^l 0 0«, ^W7^ 20 
fi£(£>gttcx ^>y£ft£. 'WriBfiKlX. Applied Ma 
terials Corpse J: 0 I£3£3 ftT(,><2> zfyX^^ x * 
+ X\ VJTFVfkftTX'ii^ZtttXZZ. 0 
-500sccm©Ar, 0^-1 00 s c craOO, . 
O-lOOsccmON, , 0— 1 0 0 s c cm<DC 
O, 0— 1 0 0 s c c mODCOj , 0—5 0 s c cm© 
C, H A , 0 — 50sccm<DC 2 H, 0—100 
0 «7 v h«:gaffiSfttertap*iH*y<fcCX4 0 0-2 50 0 

9 » rtcs^ftfc^asmarc, o- i 4 o o 7 v h cc 

Jt-fTXStrC, #j0, 1-13. 3Pa (ftl-10 30 
OmTor r) <DE«mi!C>*. COi^ft^ttB, 
£->$s^<DP?Ht, K^X£Jg6 0, 5 0. 4 0^ 
[&£3ft&^J;5GciSkm£ 0 U^PiSJiSmWISOft 
^WT12 5(D)f»t X7f>Wii2 0jr 

[0 02 7] Ig6tt43^T, il^co^^Xv -x*^> 
^- ^P-teXSrfflOT, mfc£tfSfl2(D^-K-7;** 
140, 50£*iT> • A ^-^9 0#$£ 

^3ft£o C<D£5fc>^Xv • ^>^>^(i, Applie 40 
d Materials Corp.O^fvU I PS7*7Xv • x ? ^-f 
T\ JMTOftfrTTft -Tfcfcf^ 0- 
500 sccm(DAr, 0 — 2 0 s c c m<7>C« F. . 
0— 1 0 0 s c cmCDCz F 6 , 0— lOOsccmCD 
CHF, , 0— lOOsc cm©CF, . 0 — 1 0 0 s 
c cmCDO, . 0 — 1 0 0 s c cmON, , 0—100 
sccm(DCO, 0— 1 0 0 s c cmCDCOj . 0—1 
OOsccmOCH, F£, 0 — 1 0 0 0 V •> V teWCfc 

-cjU • A * - £?tttt*J:eX'W I L D 3 0 (D 50 
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9\-®i<Dm3<D^~ b'-?x*me o<dx ^>y£^/Nc 

[0 02 8] 20c, 07CC^-T<t 5CC, 7^>U^;l-- 
Y^-^9 0^ x^ffiSfm* I LD3 OtCi&^ft 
iHj^fC, ;W7 12 5^ x**>^#irjg2 OIC 
jtT££-c\ ^;b^fiR«*l LD3 OF*gicgE<i£^i* 
ft£„ ^VU^fiiim^ILDSOcDx^^^^. ff!3 
(O^- K^:**J16 0^^i^>^M12 OCDx 
^^>^^^Nc*r^^T^tf^ft€>o Wfctf, Appl 
ied Materials Corp. <fc 0 ,^£3 JVC I » 5 * f^H PS 

7 r 5X7 . ^vr + zm^zm-siat. xog&tiwz 

bl> 0 0 — 5 0 0 s c cm(DA r , 0—10 

OsccmCQO, . 0 — 1 0 0 s c c m<Z>N, , 0—1 
OOsccmCDCO. 0 — 1 0 0 s c c mOCO, . 0 

— SOsccmCDC, H« , 0 — 50sccmC, H 2 

0-1 0 0 07* h&WfeZtltcm§ i imis&V4 
0 0-25007? h«CHSStlte^®*«r. 0-1 
40 07^h(C^7^5nr, SO. 1 — 13.3P 
a (#J1 — 1 0 OmT o r r ) <DJ£J}~CJfK>£ e 
[002 9]f©ll B8te3Vrj:5tC, >W7 125 
£x*^>^irJg2 O^gtK^l, SS10±(DT 

>y*«t>r, «To^Tti7bn^ e r«c*>fc k o 

— 5 00 s c cm©A r, 0 — 2 0 s c c m<DC 4 F 

B . 0 — 1 0 0 s c c m<DC 2 F 6 . 0— lOOscc 
mCOCH F 3 , 0 — 1 0 0 s c c m<DCF, , 0—10 
Osccm^O, , 0— 1 0 0 s c cmON, , 0—1 
OOsccmCOCO, 0— 1 0 0 s c cmQCO, , 0 

— 1 0 0 s c c mCDC H 3 F£ v 0— 1 0007 * Kc 
R5£3ft/crt««i[R*J J:C^4 0 0 -2 5 0 0 9 v hicm 

^titc^mmx\ o-i4oo77htc^>f7^$ 

ftT. #J0. 1-13. 3Pa (^Jl-100mTor 

^zzme Qte£VJ<j\'i>{gmnm] LD3 ocdx^^ 
>^^/hcc^^<i:5(CjS«ft-2)o c<Dx >^>y<?± 

Z'MI>7u-tX&miT-?2>o K^Y^P^Il Ap 
plied Materials Corp.#>6!£^3ftT l^^tf Jl^Mx 
P ^ • x ^ * cc J: V) . WTO^Trtf ^ C <b 
^r#^ 0 -T^ct)^. 0-50 0 s c cmCDAr, 0- 
lOOOsccm0H 2 , 0— lOOOscc raCDN H 
3 , 0 — 1 0 0 0 s c cm£>N 2 . 0— lOOOscc 
mC0N 2 H 2 . 0— lOOOsc cmOO, . 0-10 
OOsccmOCO, 0— 1 0 0 0 s c cmCDCO, 

0—1 0 0 0 7? hQRF^t, 0-140^ 
*<DMWftX\ mi. 3-13 3. 3 Pa <#U0-1 
OOOmTor r) (DE*"Cft^ 0 0 * y hi$fe^«, 
Fremont, Cal i f orni a (DEKC Technoloqi esCC J: *) IS^ 3 
nTl^JEKC5 2 5Cu^t, &ffi±mt\<D 
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[0 03 0] 09«, ii^Cx ^>^£ft/cgl§P(t. ^ 
Jgl 30£tt*f ZCtK-ZZ. ftmfbJZ^AV-ls 

*J<fca*-7^>9 0rttC. 7^13 5^ftin 
Ci^t^. W^tS, SS*^K(Ta. Ti. 

w) , mmg&mmm (TaN, t i n. wn> % * 

lb££IH'd& (TaSiN), */c«cn^>«f4cDM^ 

0, HKM-S^-f^tt* mt*>Z)l> (TaN) <0® 

02<D»»^^-f^«f4«, CVD^a^-Cftf 
3ft/c^{t^*> (T i N) (Df»a, *;U*;MTa) 

1 3 0**«fcCX^-f * 1 3 5tt, {fc*««¥fflft*ffi (C 

MP) tct^r* mi o «fc 9 «c, c 

MP^PizXtt, »3<D;>- Fv^^l6 0*5<fcO'^2 20 

fDA^K7x^i5 0 4Ksi-^ tsmmm<omi<o 

^^^iSSEfiCi^iB-C*^. <tc^©tt, CM 
Pt/u-teXtf, MJ^lBI®ILD3 0 4»«U * 

tt, Landers(C^f$n/c«SI5, 6 7 
6. 5 8 7^||f (c^rtgtt, *^ffl*C0rt^CC-^ 

£ft£) KKK*3*ifc:2;*^*:/ • y'u-tx-e&z. c 
^•ntxttt, ^Ml3 0it 3 5«c*tLT 30 

aW?W4*10CMP^P-fe^r|»*3*iS. 02 CDC 

MP^a-fex*flBi»r, ^-f* l 3 5 4iit^ 0 

M<D»aiaS8»Wtt-. ®2C0CMP^n-feX^rSt? o C 
- K -7**86 0teJ:t>'Sfr2CD^- Kvx^I4 0£Bfc 
[0 03 1 ] CMP:/cHz*fc:|£l>T, 3 0*$J: 

^-k^^B4 0^ *+?:/#f4i sotrSE^ec 

£0 ***:7#»©JItt % £gl 3 0Ct*hT& 

*»K /»3tt»l 0-200nm, j^gCC«^)3 5 n m 
~C<fc£ 0 'W^fiRWl LD3 0i<DlS^l$-^- 

k^^b4o», * + * 1 5 0 <Dttm<omic. 

J^^lf ILD3 0^ggt^Slt^-r5 o Sfl2<D 
WSIJfil 0-100nm, WiiWittS Onmt* 50 
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BLoK©*L£tt, »b^»;=i><fcD*>SM*^(S 
[0 03 2] 3I^-F7X^^L, 3 6tcSii*x 

4#*m®jfl2©#»ttH«W*, HI 2 
SI lfcbivc* W«WILDtt 2 
o<&»#, T*t>5ttl 0 0-2 0 0 0nmCD/?££W 
-T£T<!8 ILD32i, filOO-2 00 0 nmCDi¥$ 
^rWT6±fH I LD 3 6 £ lc#«£nci>& G £ 
■C, H 1 2 0CDILDJ13 

2. 3 6». #Jl 0-20 0nmO/»3*Wr4aa* 

xy^>^±M3 4Ccj:or^»$tirc^ ( , 

TIM I L D t It, ftH?ft&#;m*¥0m4«fiJl> 

[0 03 3] «ii*X5r^>yfp±»3 4tt, Sgl*$cfc 
I>12<Da-F^^®4 0, 5 0©a^g^tCtk^ 
T. tb»««<. H6«cBBUrM9au/c»lfeJ:aW2 

tt. iii*i^>yffjtl3 4lt S3^»15nm 
ODECVD8<kS/y3>T45>i^ x**>*ffjh» 

zoccociriasb/cpicwwi'r&ci^-c**. ffe 

<D»aL«caii*x^^>^fli±Htt % TMCTStMf 
3*1, mS&iftl 5nmt*50SG S i COHt* 
£e a^x>^>^M13 4^ ><Jl/*ffiR**I 

[0034]@12tC^T, »J6«. ;^7 12 5# 

LT. x^^>^ffjhJB2 0*T»<. ILD32C0il 
£12. 1 LD3 6 0D/?£<£9;*C£l>0D-C, ^-fT ■ I? 

^7 1 2 5^ Till I LD3 2t^ca 

+#fc*-^x**>y >JB I DL3 6 
±) tft*ft»httft6f, ftofr, 7-/>K;I/9 0 
«i&*x^^>y#iUi34*ri^^>^Sti, 

«a**«r*fc«>*c, sii*xv^>y»jijB3 4t 

[0 03 5] 2JH^>- Fv^^tftifar^y^ 
>«Jft*«***«9!©*3©*lll«*, S13tc^ 
tc H13©flBttt. »l©fiB»*^-Fv^^jB4 
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i>£o fpi«*, 'X<D&L*m*T % si-si occnsi, 
x&wutcimxmtmmttcftfrtiz. -r&fc*>. cm 

(WW I L D 3 0 <Z>^ffi^Djftg«:*r 4. C co^Wt? 
tt. W»«C2»m- Fv**tt % /g£#ft3 SnmCDP 
ECVDM>"J3> (^-Fv*^B5 0) <L. »3 
3WBl50nmOPECVDHfc$/'j3>l (a-F7 

[0 036] SI. 013(c^$n^M{c35ffi(L. a 

£ 7 s a # v > >8$j§£{g A £fjl 4 <D^SS#|£ , 

i4o», mmm-tcd*. o#>u mi ncm®LT*>£ 

iliA^x y ^ > 4W±JI 3 4 Cc J: ot^S 5 n/cTffiJ I 
L D 3 2 t±M I L D 3 6 Lfr HZ. gi&«Ji£ 
P^C^- 0*A^5cau&3^ei, ^- F-7 

[0 037 ] 31^- F^X^tWT**— yvs/><f 
it^^I LD3 O#RS^7^>U^A'0JV3«WLr> 

^<D'>* ^3CDva- F7^^I6 Ofccfctf 

vx*@6 0fcJ;t>'MiMjt&SS/I7 OO^gm 
£l£*-r£/c#>(D:/^Xv - §12 

^2©^- Fv7^15 0©t*S», 3&3<D'>-F 
1 £>;w F^.X^/f4 0*. ^y-t/9 0^IB 

[0 0 3 8] x-,^>y- ^D*feX«. SI 6CC^-Tct 
OteMttett, • -f-rf-^#»2<Z>^- Fvx 

^15 0 4tf 1 com- F^X ^14 0 

&mnm i ld3 o&cx^>^$ta£. sscc^ti 
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SJ^iC, eS<DX7^>^ihJ12 07&5ffl^6tx^^ 

[0 0 3 9] 2i^-Ff^^^«f-^» 

10 l>„ ifiBfctt, ^SXb*>^> ^K'jvSiLK (St» 
ffl) J:0^^iHl$ILD3 0it 1K10 

m$&m3 5nm(DPECVDg{bvyzi>^tpSl 
(D^FvX^fSOi, *fiSCctt/*3**ftl 5 Onm 
(DP E C V DZlKffc^ »J =3 >£ra&fS 2 O^- F ^ 

H6o<b, smvj±wmm7 ot. 7* buvxbms 

^>^u, x^>^u ^^-Y-fe*— > 3 >-c?et 
20 A,U ¥SftT£„ 

[0 04 0] HI 8&C^*T2®^-F*7X^^-r-2>^ 
-yv^>«ft*»it4»7©iaW!tt:feC»r. S3© 
^Fvx^f60^l^ ft|g±CKo^CD»t^ 
ff -> /Co 0 18 ©JjlBfcJ:, x y ? > y#ih® 2 0 

t>-#y7SiLK (3»15«) *At*'W*ffiSS* 
mi LD3 0<h, #J5 Onm/^CDT^l^r^Tk^fb 
b~£tdtt#)S 0 nm<DmZ<DTMCT 
SXttmZtltcS i COH^^A.cOSG^Il© 
30 a-FvX^140c, ^7 0nmOf^Wf^PE 
CVDHb>';n>^$2(DA>- F^^15 0i 

t>*. ^£-.r.>^U i^^yit, ^^^^-fe*-i> 

3>-c^r^u, ^a^t-r^o hi 9cctstj:9k: % ^ 

* H M!8 0W<D^^->2 0 o«, ws>^c. m 

0fcJ:Olil^-F7^^14 0^ 'X(D£*>fjiy 

40 ^>^Slt t A-F^^^^tc^Ml^. ^ 

* h u>>x h • ^'^-> - V-JX1)\ m2<DWlUJ- 

Z 0 m2<DAJ-V>2 1 0^, Sl0^^-^<fcOM 
tSc^iOrW5Si-C*^^ Jg2CD^-^2 00£cfc9 

50 1 7 0«, Applied Materials Corp.*>6^r£ tlTl^ 
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^^X7 • x y * + - 1 P SfelT<D^rif t> 

*i£ 0 ^fj:t>%. 0-50sccm©Ar, 0 — 20s 
ccm<E>C 4 F, . O-lOOsccmOC, F* . 0 
^1 OOsccmCOCHF, , 0 — lOOsccmCDC 
F 4 . 0-lOOsc cm<7)O a . 0-100sccm 
<E>N 2 „ 0-lOOsccnKDCO, 0— lOOscc 

m<Dco, o-i ooo?* ncwtsnfcrtSMi 

T\ 0— 1 40 0*7* F&C/WT*;**!, #J0. 1-1 
3. 3 Pa (#Jl-l OOmTo r r) ©JE^"Cffll> 10 
"-F^X*«tt. Bt^Tr. x**> 

[0 04 1 ] cfcO/hS \i>3B2<D<{ J-i>2 1 Ote, 

m#3 occfc^n*., 7* H/yxM8 0fc^c;s 

£*l»lttSSJI 7 0«, / W ^ffi^m^ I L D 3 0 <Dx 9 

■^-^3>*Ji:^fflffc« % H9-C«r»L/ci:5CCtfto 

[0 042] »S©JffjBttH»«(c»-5t»r 
BMBLfc**, UriSL/ciBtt*^, ss»-c*fttf. 

UZ>Wfr> %ZMZk^tsi><D~e&Z> e 30 
[0 04 3] iiAibt, **W<0««tecBBOr«T 

< 1 ) mmmm±<Dimmmm^. ^mttttwomm 

T^XHi. futB;w^ffi§i^#*4±C£, ffiitm^tt 
»J:0ft*»l©^-Fv^4rJB*ft»-r*XSi, mT 
IBIg 1 K7X *JB±(CKtt 6tl*«tt»tt»2 <D 

iB"-Fv**Jf. «5J:annSB^^»(BSI««tm«il 

U B?K^^b^i5BI«*tt*4±C0tfES 1 Kvx 

^B^^cc^-rxgi*^. gjifim 1 f^x 
5-8. oc?)ii^^wr^>ffiii^«f4^fia : "r^x 

Btdtr. JJB ( 1 ) «cE«©*tt. so 
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(3) WC91^UW2 0^- Fv*£Ji£#^£ 

'J 9***1M F, XSfb5>Vr3>, f h7xm;l/ 
•7-. ««F-^y^- F#^*, *^F-^v'^ 

**t*. ±E ( 2 ) KEa<D*tt. 

(4) lo^-Fv^^a^ft^-rsxstt. #no 

-2 0 0nmOil$?:W1-^l^- Fv**Ji*ft 

»-r*xs**to, ±ffi ( l ) K:fB$S<D*ii 0 

(5) wemtnzion- Y^xtmiKwamttrnz 

©^-Fv^^JH*«3|f-r*Xg*S6tC$^ fjgEHI 

te ( i ) KEifcE&ffi. 

(6) tmmffim&%im?zmzm»mm<Dj:mu, 
^-F^^^Brtfc«fcv^ji/^fit»*w*4rtcc, pan 

ZBJ&tZJLmt. C©J:!>«cHP*^«-r3®»^*X 
gi*ft*. B&EK«fr&B5E#l0"- F^**HJ: 
Ol^OWIIIItfPBt*, JJB ( 1 ) CcfBiE© 

(7) WGffi£^«Sn^f(<D^«l»£r&^^ 

<ofk^«sfexs«:S6k:^. ffls^^^^fiBra* 
>y8c < t^*a*o©i«a>^6««-r*, ±ia (6) (c 

(8) BiTESil fcJ:t«ji2<D"- F7X^i*ft»t5 

xBat, i mmcomm^mm^m^. m*z>mmmz 

©tffll*^ ±E ( 1 ) teifiiSGDTr-ffio 

o) sjB4^(ws©a««iaxs<Dia, tna'w* 
tsmmmttmz, sutstitti*. ±ta ( i > cciats^ 

(10) lufB^'^^ffi^m^^rtCC KTE^^IKBI 

wmtmz. TSB<t±ss<boc^a-rsa^^x9^>^ 

fMJB*RW*XS*S6*c*t*, ±E ( 1 ) KEItO 

m 

(in m&w*timmmmtoic m 8i&*x?*> 
yffjh»*K»*xafc*jc»r. N&^^miti 

0 ) (cEtt©*& 

(12) «5«««**jBjfl»-*^rtSr*r>r. 

mic&&mtmnm&&T2>n 1 o^- f^x ^^^rff 

ft^Igi, HE* I'D"- Fv^^Ji±K % S2© 
^Fvx^I^fnili, «TE»2©"-F^ 
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(i3> mm¥mt*mwi±mi^*2mm&ttn±<Dm 

(12) KBtt©;fri6. 

(14) mME^)i?mmftmmicmj&^ * *>#&± 

R«ttm«\ T»£±»±(c*Mirr*, ±SB ( 1 2) 

(15) B?f2^';l,^{a^^?4rttca^x > ^> 

te, ±»i»<t43BjflE*W-r*T»**«f, ±12(1 
4) CC»E48<D#&, 

(16) W&™*B«*^rtfcSB& j. ? df#± 

£ . mriaaiAx y > ^fMJB©-»«:l$*-r £Xg 
£. Mte^vu^iim»^moTg^x^^>y^^xii 
±ia ( i 4 ) ecfatt<D^ 0 

(17) taiB^'>rT^^«f4^««-r5Buiax^<DS? 
fc, Buse^VTceffi^^jrtt^^af^^xg^^^ 
fc*tf, xia ( l 2 ) tctaigcD^is. 

(18) ffiBSmi . H2. *J<fc^»3C!>^- FvX^I 

n*m\*^£5te%L-<DttmTM-cft*), ±ie ( i 2) 
^ciaigcD^js 0 

(19) m^-\ : '?7szm*&x, M&^)i'Z>wim& 
ttnzv. io«±cD^-r>*x^^>^-r^xg*s 
^^fr, xie ( 1 2 ) ccsea©:^. 

(2 0) /W*B«ttm*s % »«»©^fSKc»t* 
^i$n^fflmfAVxt*^r, ssi, flu 
iaafei:(c^6n/c/^^p^i^5f4i, luia^^v^ 

(2 1) m^2(D^- Kvx^@XCCg:W6ti^3 
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*Jf#, Mfa^ffl^^x^V^rtCCtBSg^ig^^ 

(22) mzmfotmi&wzmnfttt&tcDmicm? 
hntt^v*isV&±m*2h\ t cffi]L?c. ±ia(2o) 

(2 3) lt&^il/^8W»tm*±»4T»iCC5W(l"r 

10 >^iha^ fiia^';i,^^i^i4<Dil^x^^>y 
cokhc ^j-^ai$^A^ct^(cL/c. ±ia(2 0) 

(2 4) «s«t«ti6*WT***»«Rr*^r. S 
faiassxicis^en/c^oi/^pmf*^^. as 

B±cd««^6, fljfafjl 1 Kv^ ^liteJ:CflWa 

mute, mm&mm. 

(2 5) fluia^- F^i'llt &J2. 5-#)8. 0© 

^m^*?nr£, ±ia (2 4) Ktais<D¥^*Xfe, 

(2 6) futB^-F^X^Jite, ^»j3>t>fF7^ 

F, r^^T^*^k->»;n>^-^^ k. ->»;^> 

v^-htf^;*. F. r.mtis 

30 -F#^*, W&va*if>#»;v~, R^K-^'J 
^-h*/^*, **F-^s/!l^- F#^*. ->;Hz* 
Xf>t>^7X, ^/ctt^^^ft 

* -5/0 dr- > Mvxttt** xia (24) ece«R>¥)iM* 

(2 7) 1*13^- F^**Jt«:> #Jl 0 — 2 0 Onm© 
JlSSrWTS. Xia (2 4) *Cf2itScD^f*g«e 
(2 8)f2(DA-F^^ fflrae»i©^-Fv 

40 mm 1 <zm- f-7^ ^^^7^ccgi"r. ±ia ( 2 4 ) cc 
ia«gcD^^{*s® 0 

(2 9) S&2*5<fctfJ?l3<D^- Fvx^^^i, SntaHl 

cD^-Fv^^gx«:f*s^n k B5fam2*jj:a c m3© 

^-Fv**JBtt % iuiatBS«»«jfi<Z>»aE«)IS*c»* 

Buia^^vxrtccmria^i^N-F^^^®^ 
^tcs-r. xia (2 8) (ciasso^^sSo 
(30) Mia*ass^it«. fluiass*>6iuiam 1 <o 
^- F^^^^±<DMis$r^m««ia5^fPMT5fc^ 
mjia^- f^ ^^F^^^cxfluia^^ju^g^m^tf 
50 t4rtoc, &mx'3m2titc§§n&s?z>. ±ia(2 8) 
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(cfej£©*sgi*««. 
immvmmrjiiwii 

im 1 ] *mi(Dmi<Dfimtj:mmma}£-i'c. 3m^ 

[02] *.ww&\<D$munmwitu~,x. 3m» 

wmx$>z. io 
[0 3] xmivm i (o^m^mmmtc^x. 

^«js*0jsRr zn&mm-r &sm»? : 'U ^©k 
ffi0-c*£. 

5 ] xmivm i ©#»&n*60i«:g£o -c. 3 jb^ 

ffi0-C*£„ 

- F^X^W^&f^r^^^jgfcffl^Tfflfi 

[07] i <Dmmts:m&.m «csf -,r, 3 ji^ 

Mmx&z. 30 

[08] #f|BJ©|gl ©^fc^WCCtfco-C 3©^ 

- kvx zzm-rzTzLTKtt-ri/ymmzm^xtm 
M0-c*&. 

[09 ] *^©m 1 ©WiSftHifetfUcg^-C. 3J1 

- )F-7*i>*m-tz>?*.7)\>y-?t>i;mm.*m^xi®K 

mio) *¥kw<om 1 vpmtemt&mic'&ix . 3® 
\ : ^x?*mir%7 : *7>\>*t~?i'->m : &*m^xifc 40 

i&r®0T-*s„ 

[sin *fPj©f^©»$fr§|{6Wtfto-c. 3i 

^t&iw-r h ■< * (ommmx $> % . 
[0123 *mi<»m2<Dmmt£-gMmcu-,x. 3® 

TJV^^mmzm^xmMmmmmzB&rrttm 
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*sai}ii-rs*^f*^-(x©Eftffi0T-*.2.„ 
[01 3] *&w<Dm3<oimt3:mmw<,cft-,x> 2m 
F-7Xi>*&-rz7 : ^7)i#^>i'mm*:m^xm 

mmmx$>z 0 

[014] ^m<om4(o^mrj:mmmicu->x, 2m 

*Ui^^*^^/^^©»iM0t?$.^„ *■ 
[015] *^BJ©05©*fa«c|^^{C^o-C. 3® 

[016] tttw<Dm5<Dbmtj:mmwicfc-?x. 3m 
KM0T**. 

[017] ^m<DmQ<ommr£mmmvzu-yx. 2m 
b--?xi>*m-rzi'>?>\'?-?is>w'&&m^xm 

[018] *mw<Dm7<Dt>mtj:mtfeMic'&->x. 2m 
h'-? * i>*m-t z>is~-s ?j\s#-?^^m&*mi,>xtn 

wmmx&z. 

[019] xftwomioamtimmmicft-yx* 2® 
mmmx&z,. 

[02 0 ] *^©^7©«Tay5:|^^(CS£o-C. 2M 

[^©gJBJ] 

1 0 mm 

2 0 x?*>yfSMtJB 

3 0 JVlsZteWsm^ I LD 
32,3 6 1 LD 

3 4 a^iy? >^f>lbi 

4 0 gU©^-FvX*Ji 

5 0 i2©^-Kvxfl 

6 0 ^3©^-H-v^i;Jl 

70. 100 rnittitmm (arc) 

8 0.110 7* h U>>X f-JI 

90. 120, 200, 210 4 *-V> 

125 

13 0 r&IS 
135 =741- 
l 5 0 * f y y'm 
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[013] [014] [015] 




7^'J*^Ri 06877 rzjfc^^hjNi 
') vis? j V"? \Z%>*v~? 

n — K 72 

07458 — + 
7 

12533 -;*-3 — ^jHi 
1007 



* 'J * h V r - 
is- ^rf a — 7 — )]s 



(72)^HJ^ 



7^U*7^*H 10598 -;*-3-*jN1 
h 2075 

) 4M104 AA01 DD08 DDI 5 DD16 DDI 7 
DD19 DD20 EE12 EE20 HH05 
HH20 

5F033 HH08 HUH HH14 HH18 HH19 
HH21 HH32 HH33 3301 J J 08 
3311 3314 3318 3319 3321 
3332 3333 KK01 IW02 IW12 
WCL3 NN06 NN07 QQ02 QQ09 
QQ10 QQ12 QQ25 QQ28 QQ34 
QQ37 RR01 RR04 RR06 RR11 
RR23 RR25 RR26 SS15 TT04 
WW02 VW09 XX24 XX28 XX34 

5F058 BD02 BO04 BD07 BD10 BF25 
BH12 
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